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(57) Abstract 

An amorphous insulator (4) is formed on a substrate (I; 1, 2, 3) 
and has windows where the substrate (1; 1, 2, 3) is exposed. On the 
exposed parts (40) of the substrate and the insulator (4), a compound 
semiconductor (5, 51, 52) containing at least nitrogen as a constituent is 
formed to form a semiconductor material (1,5, 51, 52). A semiconductor 
device is fabricated by processing the semiconductor material (1, 5, 51, 
and 52) or a semiconductor material (6 and 7) formed on the 
semiconductor material (1, 5, 51, and 52). 
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5 &m&&. 

*&Wlt. B, Al. Ga, In, T 1 ttSflflHIII mjcX<D'J>t£ < t & 1 M 
iN, P, As, Sb, B i tt*BrBV;&7C*©i!>tt< <t 1 SjO^Jft^ft* 
III -V«g^«5¥2»^©fellJ5fe«JC«*>*). #{CA^TSm (hexagonal system) 
©^£W***&ftXliV8o^<fcLXN (S*) Z^tSZ ttS 1 1 1 

15 imam 

i£^> Gain N/G a N/A 1 G a N*t*4*fflt^TlH&*SfR«©l6**fif 
9^*- K^»P— !f*^M"r 7^7>f K'7-f U*- 
ffe^64g(1994 *P3 /D „ 1687-1689 H (Appl. Phys. Lett. , Vol. 64(1994), pp. 
1687-1689 ) (12*1) &tfiC|5]|S;!f!67#(1995 *£9 £) . 1868-1870 M (Appl. 

20 Phys. Lett., Vol. 67(1995), pp. 1868-1870 ) (12*2) % VlW + -X • 
•^-^-/l/ • • T^^>f K • 7 4 ? Xl£!fl34#7A^(1995 *Z1 ft) . L797 
-L799 M (Jpn. J. Appl. Phys. , Vol. 34(1995), pp. L797-L799) (12*3) . |WIs* 
3&34#10B ^-(1995 mOR) % L1332-L1335 M (Jpn. J. Appl. Phys. , Vol.34 
(1995), pp. L1332-L1335) (12*4 ) MO'(C|Hj^34^11B ^(1995 4pll/§) . 

25 L1517-L1519 K (Jpn. J. Appl. Phys. , Vol. 34(1995), pp. L1517-L1519) (12* 
5) lzm&ZtlT\<^ 0 
C©f2*l TjM5 IzfflTjkZtltz^-mfrgiWlz&m'tZZ.tl*^ V7t-(T 
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'JM - 2 9 7 0 2 3^&n mVHZZOttm&mz 7 - 3 1 2 3 5 0f 

&nt j t<Ditifc%:mmmzz>xm<ftn5, 290, 3 9 3f» so'W4 

- 3 2 1 2 8 0^*»CM^Sn'T^*o «rPB¥4 - 2 9 7 0 2 3 ^£#6^1*^ 
•TSiC^iCttKi*. t7r^7SfiO:i:GaxAl 1-xN (0£x^l) /X 

5 siBi©a^^i*:**cnt»©iBu^j;»3fia©3 00-70 o^-a^-rs 
^s®*<#^nSo co^ssaJiit-i 000-105 o'«t:©fiares&2 

15 *SC<!:W^6 - 1 0 1 5 8 7f«^$nTl.^ 0 L^U C<Z>2t#8 
Kcfcfti*. GaNit7 7'f7iOfe^i![i^l 4 >/:a6, t7r 

20 oiw^iicftA^n-5 + + u 7®^^ii6§PpW4i;T^s 0 c© 

Mg A 1 2 0 4 ^NaC lMi^a«iit©MgO^^{c$gfflL> *<Dg;K_hlc 

*f(i, T^5-T K- l/?-|£Jg68#(1996 *P4 £) N 

25 2105-2107 H (Appl.Phys. Lett., Vol. 68(1996). pp. 2105-2107) (12*^6) i:t 

±ie^*^{-«kn(^. A2f#l& (hexagonal system) (D&^mik^-fr Z> 
III -V^k^^<*X(iV]^5c^i:LTN .(S*) ^t^i^i^tlS 
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0 1 1 c m" 2 <kj* < . '>^<iUOO0 l$Rffiift LTlftfii? * 5 U-lf*^ £ C 
5 ^ifiCree Research, Inc. <hNorth America Phi 11 i psft <!: O^PWB&tC J: 

^It^uCt^ SiHiV* hn-^Xil 9 9 5^1 2^4Bf (^6 
5 Of) ^71 (NIKKEI ELECTRONICS 1995. 12. 4 (no. 650), pp. 7 ) (IS^ 7 ) 

®& (Mfa 1 0 4 cm" 2 ) ^fiitSCi^^t^tl^o fi£oT. SS^b«9 

s i c»«±^iifcLTiNM*i/-if*^fiJc-r**^ &**fb©fc 
is m&zix b<D±g.b^mztiz> 0 

*3&IB©Jpn©BWM;* A\^5ra* (hexagonal system) ©JSafltfKrW - *"* 
III - VM^^#MliVtx$i ITN (S*) «r#t:C<!:*<»»$n* 

^ao««©*©^»ffi«*fi*t"*^w»^wttfeaiacfitwoi,< 
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&W(Dm$rXl±Z<DmfEizgk2>*+ U 7®f^*> L < (mobility) £^ 

10 1 . $&ffe 

*f£H3#<£>-Ate> *tfllI©«5fe*i®©3£*«!:^*'l*IB s l t 7 - 2 3 8 1 4 2 

^mm^iz^^x. fr<D&*>ta¥mtti\/— trj^^aasL-c^So *<D—m& 

M 1 £#*RLTliypj?-5<fc. (OOOl)C ®^W-rS-^^r^T (a-Ah 0 3 ) 
" 1 _ttc. m 1 <Z>3tft«l¥*4*Ji (GaNA 7 7 7 l2, nlG a N 

«±) JC. ft 2 <D£fl:«ft£&ttJi (nSGaN#*ftJ15) ^StRf&SSft&o 
20 ttfe. E3 1 BUI6ltfl|7^^ 4 H 1 Ati, HI 1 BCD A- A' Hfffi*^ 

"To 

®(C|5g^LT> -e©3^7C^J^^^^J6€)CiT, ft 2 ©S*fc4JBiM«*Ji 
PBT»*tIII 4 ±tOM«2f^S £: C6K4$tt£W*- So ft 2 ©g^^g 
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p-y htmu z.n&mmi^rtftimMtLx&Mmmz-mmm. (tem> t 

«^L/Co ¥t»(*l/— •ffcTtt* If^rf T (o-Ah Os ) #^ISS 

©(ooodc ig±ic* 1 oa^^MM**. e^tss (ssnigD **rr**utR. 
jB2©a'fb«i4y»frJi*iR*aiJiLTf«iiLyto t/^ ^los^^^wif 
10 z&mitva^mftmcD— mm&zti, m^^<o^m^xm 1 ©s*b«pNM* 

ami : s i o 2 r (.mm) ±T*j&M:LK&2<Dmt®*mftme>m$kxi& 

lEJfftel 0 4 -1 0 s cnr 2 <E>*gfflj^C*U:*9 fcfiv^o cnf-ttU Si0 2 © 
15 g££S|5l;:T3l 1 ©a-ft«!¥*{*iJi©±lB*^J^fi L/clfS 2 ©afblSPNMtR© 

20 l^:<ht'*So S i 0 2 ±©*2©a*b4»¥#(*RKj!.&tt** 

A*am»a©i«T?*sA^r«4b3E« <,*j)wm 4»ft«:W-r*fea©fifes 
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5 $%.m*fomRm^cm^Lxi&mw.j]faici&g:tz> *^t:?*> 
i ^&mm±.txw* zmm&mm.mz7jk^mmmftmii&i&M:x& v> . * 

CCT\ cWtti^S^igSOWWat (unit cell ) ©W^E^U*^ 

(isawit^tfns) x&k>. mziz&K^xitctmLtz&mm cm 

tLXmmZtlZ (a, ti. a 2 $dk a 3 $* t>PI«{C^a2) „ El 2 
Xit, III j£BiC^P (Ga, Alf) &&AX\ Vim=F (N. As!) 

fb«¥*{*<fc H U < A^rft^cDea*a*W^-S^*. *©(0001)C ffitt c Mic; 

ias-r*teaffii^**c<!:(iBi2^e»iB^T?*6'5o «*5. A^ra^oifea^ 

25 $6. b«h. c«l«iii^[100] . [010] . [001] tt*»«[[a.b,c] t LT^£ttS 
Cifc*5o JBUi. A^ra^©ea«HS«cHLT»*ft«lA£lftl«*iiPiL^*<, E3 2 
£#M LT^tlt^ ±i£©3& 1 ©a*b«MNM*Ji#H UAv*a^Otf7 r-fl^S 
aS^©(oooi)®±«c c feh^iS] i:x t* ? + •> + ;ndcS LTi^ & c £ tmmx & «fc 
■3 Coi^l^IL^ l ©ifti^lo^Iti, t7rY7SSi:*fL 
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5 fifc&fcO. S3 A~3 Eic^f i^Wr^TSRl ©(OOOl)C ®±icg£ 
£«4 0*Wr««»ll4*JBiaXttS!*L. ±i&©¥^#l^-im : P<i:|IIt$tc 

*Dj£2 :«iUI^ISOS i Oa . S i • N< (S i N, ) . S i 0 2 : 

io p 2 Os (psg) . s iON&tfTa 2 Os -pi*. autiUifc^jifcsnfcSfk 

' *DH.3 : fejH»*<i@a*t&&W'*-* S i C^B a T i Os T'fcU 
SUtcEtt-TS^ ( 1 0 8 — 1 0 1 1 cm- 2 Oi5BS) T*n§kXM&¥££.Ltz 0 

yt^k«^#JB©feax»f&«tt«a»*wt-**ffi±«wifc^T«^«*<& 
sio. jRjboa^k^WJiTa'&n^feaxftapfttwit^-c^s 

O0' ~10' cm" 2 ) :ti«MWLfco 
25 1 0 8 — 1 0 " cm 2 ©i£ffl©?&®<DXP(S^M.b>nA:o tt*>\ CO^IfcKoUT 
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^xvm, -amm w*aH«as-e* -set *<5?tt ^ns 0 

*feM-e^-r-5c«»:{cLTx ::T'i«I-<5„ c: ©serais ifetttoJi-c 

10 BMfc ttfc&aK S i 0 2 mi 0 l*ffll\ ^©S i 0 2 J&fc_bi£©g 

"$&lc*aHS i 0 2 jR®9LA«l££a& 1 0 3 0°C{C«*». T>«— 73£H» 
15 T h U^f-yU^U^A (TMG) <D#x£#fe£-r£ <!:. Jd$©*l§S*4»<kKyA 

ft^<z>j)Ma-a*n** ic^g Lfco : ©*isa©»fffi*T e MmmLtztc 
Jsa+icatfj*n^^B©*flEii±i6©«^ttidcft©i([ <i o 4 ~i o 5 

cm" 2 ) £»N;:Tlal*K n y Hc<fc->T«^RWlcM^BBt*tt-t*-*t>©t>& 

o /Co 

20 ±jficD*«R^cn*M&»^a 5 tc36^*tt«M»±"e©^k«j 

^M^OtSadcJtJMt&H 4A-4E IC^^tOI/ t LTJIflR Lfco ttfcgl 4 A 
~ 4 E©*f f 7l/-Ctt > G &m=P (II I JUtc*). £6 A> NI? ( VJJot*) £*R 

25 *»^#©«PRJC J:ntdT. #a»©lfc»B!±lc*s# £ NBfi^&tf G a BSmiSc 
£tttt»*3fc*&T?g»fcI&*[Hl*o cntis 7K7^'^/u->s> 
(atomic migration) r> 'J ^ >©liIi:^>l>Tf 7 X^©Xf 

&^<!:LT@£L*: (El 4 A) *<. C © >^-7«i:ft i > . ^1 
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ISTti. Ga :N=1 : 1 ttSft^JK&JfcG^T^rfifr. Wtik&VB&Bf&t & 
Ci^^bfS (El 4 B) o 

cniciOJ^onttSft*^^* (H4C) o c ©flares *fe^M 

±{i*5W»TG aN*Sg^fi£{-K^L^^^J©N^W#^-r^*^ CCTT 

10 «Wfcl£j£-5<o <BU Ga^feNmT^^J^itcfc^-C^^J^-eiftilHl 
SOT% cn^*<ffi5(C»^Sfit^{i*fe^±(-©^$tl^GaNc7>*SS(C» 

(04D). *<D1&^ GaNm^©^TO*gSffiiC*5l^T*g^S^Ji 
15 frU G a N^SWAfttttt0^^t»ool!E^I:t^ (El 4 E) o 21±<D 

20 imm±-Km&&&is&%^£*^t&~z&z>° corns, i6**fli±fc*&afifcfi© 
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<t&mz?f&-?ZV7 r^7®lJtxt/:5A 1W1II 1Sk7tm£.Lxm<l<to 

fi^W^Rfi-tS^^HS^So ftoT. #aH*kff#±©a*k«^aM*JlJ;: 
10 « % *sasi5#±© (BP**. te^fate©«2»£Sttfc) ^k«j^*#Jig7?/j:^ 

sin «5c*©a#*aa»-r s z t ^ a* l < « 

SiNM*Ji©*ncS:*tt*c:t*<a*L.<. HC»L<«II1 ]&7niil£«J&5E#(S 
tLT**<i:^:i*<a*L^, ±^©«l*ti^k«B^#fiP^B, Al. 

Ga, In, T 1 & & 1 1 1 1fejbM<f)'Pte < it lSiN, P, As. Sb, Bi 

20 Ofi^VJ^cItLTN (fi*) *£t?^tt^afco^T(roT3*:a<, 

^rlBIII - Vllb^f iftf* «) lo^Ji^ (hexagonal system) <D&]&* 

tezn i o<sa*<t*a»^©ife«(*^t»^*3B2©««*wLx j*s 1 ©«a«o 
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5 J^±©¥#f*#*4*-!i8 U * 1 ©1B«©±K3& 2 ©^^LLfCfiJcg $ tltzfllftCO 
10 4>tt< £ fcig#*^trjb^¥#(*Ofea*^SS-fr*XS*#trC<!:*«f««!:. 

III ^tc^C <tOfc>U\ Ga, A 1. In) (D'ptK th l8iN tc^ 

20 *>«i«*n*A^a«©»sa«jft*wt-4»»*fi^«M^ii^itt*i l 
2. stm#mm^<D&m 
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25 afc»#ft*<l 0 8 ~1 0 " cnT'TfcSo 
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5 1 0 ,a ~l 0 19 cm- 3 ^-ycDi^^{ai-*"ei5^-C ! ^<So 

4*1/— *f*^"Ptt3 h«©«ft(Wli«kO^#M*^lft*ffittJi^|nItt 

^■rajftig (BH#fi& (Buried Heterostructure)) ^©X Y=> 4-fW&\^&-? 
JB9r4UM%9«it»««- K*3fc*£ LT^3£iw»jftT?**©-rffi«ffl[«S&*» 
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g&®;£ft£(oooi)c iiitfe<o c©S«±tc*jurx h^>r^fli^ 

SSfcfmrSCitf-CS&o ^H^Zinc Blende 

ffll^fctStcfcU X«®2r&£(lll) IiLtfc<o C©»R±JCX + -5-f ^* 

at*fHK-r*££fcii. »atiR©(iio) iicsfiT*s*\ a-io)fl5*csare& 

25 £1)<T~£Zo *fz.-mJM%m&m&(D¥'ft7.b7j-7±L'CT&mU text?* 

-7fflizmvu&&zntz¥mi*-m ©**fr£!s«f 
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£ -fr & fc*i>© jfrffl + * ^ <h S ^M*B £*fe*iJBI±SB ic S:i *<S* L 
10 (HEMT : High Electron Mobility Transistor ) (cjgfflf & ch^&^tfJ-C&So 

^^(Dmmm^m-rut^m^mwPsnx^^ni> hot-?** ^-rn 
^ttu— *r*=f-<D*t£t>-fs mitm? (led) > itmm&m. 

iili, JBio^frJit. *©±TtcJBfifc*tiB.o»l©^(*JiJ:«J»?*«l» : 
2 ^lO^II^ *t'J7%ttAtSK 
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-e&s 0 z.<D*mmma. % \ <D*m#m<Dm ^m=f-<D k • ^n^r&g&T 

10 ICUItttm^AW&^Wt-«1S4Lb. !P5*gA2£ttLb*>*&AJi («) ±{cJBfi£ 
EI®©f8M£ttf&Bj§ 

El 1 Ate. *3ftl8lcJ:S^»i*:l/-1f*T-©*^<»<0«»riB (H1BOA- 
* A' WfS) *^BlT*So 
15 EI 1 Bitm 1 A I' — tf^O^K±lB^^-rElT**>^o 

EH 3 A~ 3 E tt % *f£BJJ©i!£ll/lfc&&fij 1 {-S3 LTlSAJSfcfifclS&TiJWfcjF*- 

ETe&So 

El 4 A- 4 E 14. *^©S*«^:iC^S*A'g«ii§©«fe!itM± i e©G a N*£ 
20 AJtfcg£B#^Jtt{C;*-rEITifcSo 

El 5 A- 5 Dli. **W©ISafiJcftatlir2 *cMLT»Sftfifefi«:^?iJfi«|«C^-r 

EI 6 Ali. *%iP]<Z>l$AJi&&&f&€-£ffl L^i^lOiS^ntx^ 

■3-SEJ-e&&o 

25 H 6 B tt^*ft:*BO— ^fife«©*WfifiH"e* So 

El 7 Ali. *mwe>$m.W 1 ©¥^f*:ft^©*8£»r®©— fl]£*r£-ElT&So 

El 7 B (iH 7 AOJlHF^iJUBjSi* ns^fejfM * ©_tffiEI£7:'& So 
S7C li*^ ©flfe©W©«*rffi ETC* So 
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ei 8 Ate. *5tw<Dn.teM 2 (D^m^ytm^-m^mm^mr^^o 
ms Bte. ms A<Dmi L *izMi&zn&t&mm^*?(n±umx&2>o 

El 8 Cte. ^Oftfe©^JOi^«ffaD^T*So 

E3 9Ate. ^^©^SIS^jacD^^^O-^Jom^ffilll^^^o 

5 Ei9 b tela 9 Ao^4 j {-^$n^*fe^ii^x^©±®ia'r*So 

EI9 Cti^HTX^cDftfeCD^|©±®ST*So 
Ell 0A«> *^©^Sfe^J 4 ffl©i|«®ElT£>£o 
Ell OBIt Ell 0 AO^I^tc^^nS^Jl^x^OiEEI-e^So 
Ell lAte. *^©^^J5fD^^3t^O-^J©i^WrffiEItr*So 
10 Ell 1 Bte. Ell 1 A<Dm^lzmfcZnzmmm'?X*<Z>±MMT~$>2>o 
SI 2 Ate. ^h^<d^^J7©^^^©— ^©^SEI-e^So 

eii 2 Bte. eii 2 AcDm^tpizm&Ltsnzmmm^xt^ifim-c&Zo 
mi 3 Ate. *^©nste^j 8 (D^mw^tm^— &\<DWBiwmx*&2> 0 
' ei 1 3 Bte. ei 1 3 Aomttizj&fcznz&&m-*x?<?>±&%\'e&Zo 

15 El 1 3 Cte. ^©flfe©#J©*SE»r®EI^&£o 

Ell 4 Ate. 9 CD^^^?©— &\<DffimWmx*&2> 0 

Ell 4 Bte. ^^{-^$n-5iteiitJ^^X^©±®El^-ra 
El 1 5 Ate. *W%<Z>$mM l 0 0»]©*$»r®E|-e&6o 
EI 1 5 Bte. El 1 5 A©^*(^fiJc$nSite^vX^©±®S-e*«>o 

20 Ell 5Cte. S?®ftbO^J©IStBff®EIT*So 

eii 6 Ate. *ftw<z>m.mmi Ko^m^-itmi-co—mcommmmx^^o 

Ell 6 Bte. Ell 6 A<DMttlzmf&ZnZ1&mi&^X?<n±M^X&2> 0 
Ell 6 Cte. ^©flk©i?>J©ifit»r®EI^So 

Ell 7 Ate. *fgHJJ©^Jfe0i| 1 2©^»{*** : F©— W©*aEHfffiBI^*«o 
25 S 1 7 Bte. El 1 7 A©^+^Rfe^tl'S^^X^©±SE|-C : *>So 
Ell 7Cte. ^©^©^©^BlrBEI^^-ro 

El 1 8 Ate. *%W<D$?1fe&\ l 4 CDfiMi^O- W©«»rffiBlT?*'5o 
0 1 8 Bte. *^4M;3JSfc3ttaii«fll^X*©±ffiEI^*So 

ei 1 8 cte. ^©^©^©^raEi^^-ro 
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eii 9ti. anT-mus (tem) izxQM&ztitzmz Dizmmi-zwn 

10 <*£Hji£§&ffii > 

>TT£&1 ©(0001)^®_b(CS i0 2 mZBtitfZo :©II(i, ^x.lf^7y 
^>-#X<i:K^ffll^m*afi£gtCi:*3lT^o r < TS^Wtc S i 

££S&£7.yg? (HF) Ii^f>^ (i«v^*>h) ICji-SS i O z J^O^ 

20 <^0^3©Xig^t>. EI3 A~3 D^#fiSLTU&B^-rSo £"3% ^2©IgT 

^^>n/ia^^sp4 otts i o 2 m* uzm. s i o* j^rx* 4 <t^o 

ti. *ff©fc©*<#^4 - 1 6 4 8 9 5^ (*@#f*S&5, 334, 277 {ClS«fe 

(760Torr ) KLT. :0^i:7>*-7 (NH 3 ) #X£feft 2 ~ 5 U h;l/ 
(2~5 SLM) . hV (TMG) if 1 0 c c (10 

s c cm) TSltttttcifcteU ^fitc-fe-y h$n/cif7 r >TTS«^g2aJt 1 

0 3 O^fCjn&L^o 
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EI 3 A - 3 C li. S& 3 ©Iii:*5l^HtWW:SG a NfrSHOJ&S:^ 
5 0*<Jfcj&£n£ (El 3 A) o -€r©^(iSfe±(-*>/c^tAftfe*<3to«t-9{c 
5 (SEM) m^-tSc!:. tt&a&fc c $i;frlWli*£o^T^& C <W5iir?£ 

ZTfrifcth (EI3B) o COct-9{ca^^^{CfiR;gL^GaN^a(ix t7rV 
TS^i<D^7 i n^^®O^Be^JI-«fcO*Sa«l^^^tLS/ci6. Mitt 

15 135 4 0©*t(C^9^7 i nifc , ^*v/*/l'SB5 1 ©#J®£#rfc£:j5£M^ffi£ IT 

(El 3 C) o fin^s S i O z Jg^X^ 4±®iC^fi£$n-5GaN*Sa(ie^ 

s io 2 m-?*? 4±izmfczntzm&zm&#)iz**:^\f?*>>+Ji'&5 2t 

20 iq^o 0 3 CCDtfrSEteS i 0 2 4±®#Jj^£JI&£. ^^•if^^v' 

•WUS155 2 ©RjcS^®(C«i^l 2 0° OfcjftfcW^SGflCia^JfcSft-C^fc (El 
3D) 0 CW^f oxb7 + ->t ^ 5 1 ^Afttttl^StS C 
&t>©T*. g££S$©*i^£S i 0 2 m^X? 4±ffi^aifc°**-> + A'SI5© 
f&§#® (3Afttt©flBiE) *<^di-rs^o^n^ *txt'nyt;H5 2 
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5 2lz&£.-tzm§kXV6<Z>mmi)<fe®:iZ&^Ct*3£fLLtz 0 mi 9 it. El 3D 

its i Oa 17^^ 4<z>BHPis«**rra<. znzm^mmm.\zn>i>tiz>g> 

5 <Dmmt£M<DiBK (El 3 D©^-^Oifc:**->-Wl/£&5 1) tl 0 8 ~1 0" 
cm\ £#JcDfiIJfS (EI 3 D©ifc*.xfc?***>+yHB5 2 ) T? 1 0 4 ~ 1 0 5 

U *l6H^#(i^^^#{*^ffll^^a|^©©S^m<i: LTEI 6 A© 

- (1) t (2) izTF-tzfwtex&mm-f&o MJj<z>&m±b. t^x^+«> t 
fliits-w-r £g&#m±^&©a^£8&£}$os i o 2 (xi*c:ntcft*> 

f&tZo 0 6 A—EI6 C(i. ^U-ff^JWTl^^ ftX-f -y*^ 

Tm^Mtt&ftofmZMtiL-tZmG A (2) ©l»ifc*Sffl«£<!:a<S*U\, 
El 6 AO (1) (2) «S1 O^r^L^fC^En^fSltC^^ 

25 U-iffg^ti. 4±{C^fi£$tl^^^it^^> + ;US|5 (GaNi) ten 

K-yL/:nI^7 7 KJI6 2tni©A l..,,Gao. ssNl^b 
^S^fe#&S 6 3, 7> Y—-f<D I n G a N^Ii^pl^t,^ ZfeteM 6 6 . 
piOA 1 o. ,sG a. BsN^b>^-53t^tj&g (ia^"f) . pi©GaN^t.4- 
S?7 7 KS 6 5 . vWl?5 y KS6 5 chOi^l^J^CD^^^t;pSGaN 
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K*M#>&* ti-CBJ&tStlti nl©GaNI67 ( n M ? 7 -y KJI £ |S) U^yU©^ 

-r^tt^6 6(^*jtj-s4-+ •jraAfi^^'Jis^'So fin^. c©^t 

<h(i. HI 6 A© ( 1 ) &t>* ( 2 ) frt>W btiFZibh*)* tt*>\ El 6 A© ( 1 ) S. 
(2) ©S^&ffiKfc^Tli. ^©^(C-ej^ft-rBtf^SfelffliJ^^ y My 

<«ai«fiftii5 2> 

15 'o o*tt*Ma*-e»SrttLT. 

S i0 2 II 0 l«t&» fti:^l©ISiU, S i Ot fltttwG a NK 
tfLBk<Dtzi6(D&tt£&G am^&M&L-tZo % 1 ©XH^^^S©— ot LT. 
H5A (1) Kiir*- «k-5<£»fiB«ai*Wt-*ldcS^**Jffl-r*o CO^liS iS 

25 7J£#J7 6 0Torrtc!S:£L/ct£. MiSriMfcLrtiS il«10 0^g-T^ o & 
ic. S i*&<h#X#y&y X^PBl^tfcOT^-^i- -^U-h^A-r^o 
C©££. ±^7U- h©T'<--^-HiS i 0 2 JR1 0 1 ©»^(dc{4iIlc£;b*K 
TSP^l^- h©T^-^-f hO-Srni&S^-f £^"o C©^T% 

h'J^fM'U7A (TMG) #x£JtSM&i&5-f >^t> 1 Osccmtjl^ 
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IcTMG^fX^ S i 0 2 m 1 0 1 *ffi±lc#t&-r<5o Si0 2 II 

0 1 »^M&l©^i:G aH^SI^b^St 5 3j&<JBfifcU &M&# 

5 f 2©IgT(l W.KT>*—T (NH 3 ) ^X*T8Btt*&^ << >J^fc 2 ~ 5 
SLMti^U 2 tfc©7'<--*- + • fly- b&WQft-to CtlilSI 

NflcS iSISl 0 0**71/^ t>*^l 0 0 O'tKCjta^t-S (S3 5B#M) „ Cft 

4*<S i0 2 II 0 l_htcJ£jjJc£*X£ (EI 5 C) a (§3 2 0 (i. [g] 5 CK*I^i|-& 
10 ^SEm^SHM (S EM) 3pj*-?*»K SiO 2 I10 l±i:M$n/:GaN 

*mwmim&5 4*<s i o 8 011 0 ims^m^m.^mt^mskaiSi 

£lhJ6. f£A5 A fit&fSLZ fifths 1O2 mi 0 lilWfitllCx^y^L 

T^So c©*^ sbm@j»7 o^«j«-r&#«tt^(^a^«je«i%5 5©t 
mzitm+&nm!mfrmizm&-t-z>&oimiSiL aa^-tf-f) > grafts 5 5 

±aJ{C<iS^-SpMm@1.0 ir§gI&|H]?&7 0 £<Dm^#^r<( 1 ^Jf^f 

20 £ C b-if ^Er ^ -A4£©/W ^ U -y KDtW^T?* So 

£/c. m2CDXg{CTS i O z lg£l 0 l$gt:£i5 4^^18*9 (fiP^K 

HFi®x. y f + >hTS iO 2 110 1 &«tfSPU ^5 4<!:Siltl 0 0 

st$nss i cj:(9"t>fiiieaxpfi***<fii\o ^ot. mz<DiLWvnz>nz> 

.T S i C iwjgfc £ CDTifc S o 
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F-^U:ni^7 7 KJ16 2 ^nl»^ K-^LfcG a NS^-e^-T^ 

(pseudomorphic device) *«iiSL^«S:*fe. te : W&£-JPiAlC#?»JIXR& 

£1^5 A (2) £#JfcL-Cl£HJJ-r£o *iBtC#aR©S i O z BU 0 lSrJfcfifcL 
10 ZcSiSSl 0 0&-fc'(*>n&'fr#mm (S IMS) I:«1L, Ga^tv 
^JtaitmJE 1 k V. Mltfi lxi0"ions/cm z TSiO 2 K&ffi(^Jft#t 
Lfco CC-^fiJfflL^S IMSIt — J&l-s t a t i c S IMSiWftlSfe 
©T\ tt***B©ff iWTM^R#S©ti-iW«-ffl^^*iSfcO"e*So cos I 
" MStimaiEMl 0" 5 ~1 0- 3 mA/cm z <D4*>&0. 5~5 k eVOi^ 

15 yi^-T'fmKj&at-rsa^ 8U<z>«!K©s i ms 1 ~ 1 oomA/ 

cm 2 ©>f * 5 ^ 3 0 k e VCi^^-'CiWtS t>*So 

S i 0 2 J^S^OG a^*>fiattte> -r^->b*-A©ii:S^S i 0 2 KMq 
20 tCTl 0 0 Aitt*i:-5l£>r*>3te^-etfcO&3K JIMt«£lffltt#*l 1 tfri: Lfco 

t'-A^-iilSlLTlTo^o CCt^lcLTS iO z IMcGal^^^St 
5 3&J&jfcLfcflL SiStlOO^SI MSA^ffit)tfJU ±^©->-^7- • 

25 (N, ) T-'«->>3*lT43*K ^fc7^'-ff • M**3*lTl**o S i 

«7- • ^-y K<P«ittHL^«x h'JyfM'^A (TMG) 
±fiB{K*&5-f 1 Osccm-e, 7^- T (NHa ) /f X*T«U#tl&5 >T 

^b2-5SLMT^ML, Pilules iStllO 0£-*;U^£#jl 0 0 
OTl^in^-rS (EI5B#JBO o ±;£©S&2<DXfI<h|nJl;T£>£o 
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)^teft'<tz>(*>\£-l*'etit&J&J&t&J3&'Zte* static S IMS 
<^WJ1 > 

^B^©^^S©-HJte^j^ia 7 A&O'E! 7 B tw J: K)t&W-fZ 0 0 7 At: 
15 fcl^T. fll>Ltf(0001)C W&^-f &-*7 rJT (a-AhOs) mt&£k&fo 1 ±l£ % 
CaN / < -y 7 r Ji 2 , . ■ n SJGaN 3fc#&J§ 3 £ 7#Nhfe RAlffiJifc ftfttcJ: ^HJ&g 

20 «l ©(H-20)A®<i:^fT^lSi{c:l9:^LT^< o *fe*m-?x*/^-> 4 
-e^^tlfc2ocD^l^{C*rLTs nMGaN jfei$I5^IMlL, **tc 

bfcfcu:. 3l£t*^TAlGaN ^HS^ C&tbM £GaN S^lgMil&tf 
GalnN BEttMk^FJi^&^SEft^fia^FSttJi 6 . pMGaN 
25 17, pMGalnN hS 8 £JEifc8fctf'£o ftl-. U V fz> 7 ^ -ic J: <Q . 

9£I£tfT. pMtt&l 0<bnfflij«@l 1 - >£3g#-<f-£ 0 

«fc«9*^*$M^T0 7 Atc^fc^llrSi (El 7 B© B — B* Iffig) £f#£ 0 
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S>4M t -f Z C £ *<T* § . . ^f£ft*£&Jl £ 1 ~ 3 # m ©3EIS <t L /c <h £ 1 1 (*« i6 
5 1 0"/cm 2 ©i&ffl-e&SOlcttU ffeiiiJgvx?±Tii*«t°?**> + >M/ 

~ 1 / 4 ^3iXteMX'£tz 0 ^^Ftt. ft*© 

' &2g&&gi*4 10 — 4 3 0 nm©i5fflT*o^ 0 
15 $itt , 0m.m(DW&&\*ni C (g|7BOB-B' »fffi) l-<fcf5^-T^o ^ 

^r3~7 ^mCDlgffli-rSo *y X Y 1 ?^ Zf<DfflMtZ.l£j&M 1 2 

irk m^i^o t>©T« l 1 1 J: i- tmms&isivxnmi o. 

25 ^{co«^«^aA-r-S U y ^X b^yjfa£WLT^&©-C\ 

A<h££teJSffr^#^£MJdcT£&o C©/c&ll7 AfC^-TBH/Stfr^&SMIt 

^IfrflPU ^ia(-*J^S^}g^ti4 1 0- 4 3 0 nmOiiT*ofc 0 
<H»J2-> 
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^tix l2&i:fcl>t?6I&I4 10 — 4 3 0 nmOiEffltrU— «f»f^L^o 

^(DftmjiMimtimB A<Dm&£mcx&zi5<, mazxmi&Ltz^ mi c 

20 $£>tc. ^^-^*^-y{c^SL/-ci!Sa^(-{imM^$nc^cfc-9C *feii#J&9 
■C^'<-t5o El 8 C {^-T^^El 7 C<D-en<!:itt^-rS«i:> ^O^&S&S: 

%«fcg4 1 0-4 3 0 nmOiSffl-ei'-lfifrfPL/Co 
25 <HJfefl|3> 

13 9 A (219 9 BCOD — D* WfS) 0 ^©JBfifctiHifcM 2 JC&tfSia 8 C £m £ 
t££kf&M:T'rtr>1)\ feU^no^-v O^^SP) 4 0(2EI9 BlcfrTJ: 
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10 or#|T*«9. NfiWti 1 1 /3 tzfe&V&tzo £fil£*3l.* 

TH^&S4 10 — 4 3 0 n mOmmX' V-*fW)ft L tz a 

«EI9 A Km i: i^^vx^ 4©/^-^4 0*W«C^o w*>. *£a 

t>mmm±iz lt s fc*saJB*<s»i6Mi-t'e&s 

HI-V^^^^-e^-S^b^^^^M^ (Nitride Semiconductor materials ) 
LTJBJ5JcSn*o 

«^as*<eaxHB*«i*jiitrfPJ^*<*a^«^*o z&tztb. 
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life 2 / 3 1 / 2 oiaUcjl^T'lfco XM^b. Ifii:fc^T^I&I 
4 1 0 — 4 3 0 nmCDlgffl-eb— tfftffcLfco 
5 <HSfe^4> 

«2.tcHSCS^ Ell 0 BICTfrTcfc^C. *^O^g&«ig^fi|{C^T7 1/ 

10 &&»|ft&&ft£tt-&o Ell OAteEll OBCDE-E* Brffi^lh, 

^tCiTS*^- K<kLT^«»cto*S-frSdi*<DTffeT*ofe 0 d©*£ 

15 f£Siftg4 1 0 — 4 3 0 nmCD|gffl-eL/-1fI&fPL/Co 

**WOflfe*«Sffl*ia 1 1 A&tfEl 1 1 Bfc:J:t)BMH-r<So *^©f^JKti*«l 
#] 1 IC titf * * "f 3&K 1 ±K0lJx.te*GaN /< >y "7 r Jl 2 , T > Y — 

GaNJil3, 7> K-^GalnN/AlGaN -DBRltiggiSatJgll 4 (DBR = 
20 Distributed Gragg Reflector ) . nUGaN Hm&MZ&ftSkft&t&o $ t>i-. 
Ell 1 B fc^lf-ct 9 Id. iEAft^tt©«^^^^«!:ai««**oaiatc»!^T 

*>-< o jjcic. mmm 1 <tisi«»wL-c» 8 t«L^i^i^T> k- 

•/GalnN/AlGaN - D B Rfll&ft£4*K 1 5*a^sfeS"TSo DBRiliISM 
1 5(iDBR«|jti^SltMl 4 iliHt. «»©G a I nNliAl GaNIt* 

^^f^SI-r-Sli^ D B RW&ffi&ttlt 1 4 t 1 5 £T\ Gain NS&tf 
A 1 G a NJi£>4>te < t b—^(0^tmmmt (Ga : ln^Al :Ga) 
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z.t&m*L^o *tz, d b Rmi&nm.%m 1 4t*. 6 

ill 5tI8RU : I7^x.yf>^iLT l J y h5>f zf£&J&Ltim^ 
Ml 2£iIi6i*3K ^M9^fifc-r^o J:S&©DBR8fj£i^Rltlgl 5 tt. *fe 
«W9*ifcttfc»»c. «*{*:DBR«aERR«*K(!:LTia;^. ^^V^LTEI 
10 1 1 A(D£olzMffrt So -£©l£x piiStnilg^ItLTv Xh5-f7 p 

Ell 1 AlZTji-fmTmtirffiZ'&Z (Ell 1BOF-F' Wfffi) o 

f?m±> SSI ©^®{c*fLBS¥-ff Jci/— tf^S^^^c^iglS^lji^^L/c 
fj^ll^J17^M4©^{*U-if^«bfll^*W«i:«9. U — «f 3t*at« 1 ± 

20 -eti. DBRfltiti^RStlgiCcfcoT. SffiM (DBR8|jiiiJR*Hgl 5 <D_b®) © 
Rl*s££ 9 5 — 99 %J£l±Oi^^|t(CSc^(Cl5^T^. HJIifll 1 4 JCt* LA: 

^ < -e^^o ^sfe^i 3 ©^T-fcit^T. 4>ft < t hmmnm* \/\ o 1 / 

3 0 tzi&m-t^Cti^m-^^^tZo *^Tti. ^{C*Jl>T^S&S4 1 0~ 
25 4 3 0 n m©$5fflT U— tfWp L/io 
<HSfe#J6 > 

ffcbfllw, SSI ^/N^^Wurtzite«|jt-e*)«9SS®^fe^(0001)C BT&S 
nM£>#tffciifit( a-SiC) <h LT, -€r©±{c nMGaN a' 7 7 71W^ 
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5:i^fco *HSfe^ti. fl!l©^ife0U<9 

^»^o *m^ti. ^M«c:*5l>T^&g4 10-4 3 0 nm©$gfflT"U-1f 
10 <HJfe^7> 

" gll 2Ai:fel^ fl|*-ti'(0001)C S^t5t7r'f7( a-Al 2 0 3 ) 
15 S« 1 _htc. GaN 7 r J§ 2 , nMGaN jfc^&Ji 3 ttWH^i^MMi: 

£19:tf*:*&*i!g^X? 4©S^|fi]*»a- Al.Oi W6L 1 0(11-20) A® iSflttt 
2nSilWBefeLT*5<o nS!GaN 5 *»«Wc«C*^»c^LT 

AlGaN jteSMiBHfci&a&JiiGaN S^&MJIRtfGalnN «^#P»*>t»ttSEE«lM 

6 , p MGaN jtmmm 7 ^jn&iatf s Q &fc u v 7 * 

25 OtfJU X??'C7lZ&t)m : ?' : £ttMLTmi 2Ai:/TttWE (012B 
©G-G* Wfffi) ^i5o 
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Ltzm=?-&K> fefiRHlrcL/— if IfcfiU MMlc*>#£2£ig&g 4 1 0-4 3 0 
< ^IJfe^J 8 > 

io *$£w<D<ttL<Dnmm&m 1 3 a&o'b 1 3 Bicj^iaiB-rso ^©frsm^ 
mm nzmt&tiu b 1 3 b {c^-rs&st * 4 <Dmn : f&(Dteffi&'<*- > 

^^©S&it^vX* 4 CD J: 9 JC. a&8£8|5 4 OCD^^-y^iJCctoT— yij 
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Bumm.&mm.&mj$X'£ti 0 comm. nrnmi t^mmmm.^ 
i / 4 mTM&mir s z t *<Rrare& -> tz Q 

mi 3 Aumi 3 Bxami 3 coh-h* m^t^to 

5 *3£w<Dtt>mmm*m 1 4 A&tfEi i 4 Bictasyw-r & 0 s^cDfrimmig 

«8ic*i;S3&<. Ell 4 Btc^-r^i;:. 4 o]^SSI©^J^^fiJc^ 

tifcte. ^<^Jfe^J3 i^O^a-bX^igT, Ell 4 Atc^-r^jfiJWrM (Ell 
4B0J-J' Wrffi) ^i-So 

' *n«B^j-eti. ei i 3cc* Ltztmm-?* ? Ltz^mm 8 j: 

<omm. mi 3azm Ltzimm-?** Ltznmm 8 <om=?-£. <o 'pts. < t 
hmmmmz 2/3^1/2 <z>mmiz.<&,m-z> c £ a^ra-e* -> tz 0 

<^Jfe^l o > 

20 *nw<Dmmm*:& 1 5 a&o'ei i 5 Bia<?^ts 0 ^fo^siisii 

^Sllfl) 9 (CiH U g| 1 5 B {C^f «fc 5 fc. X ? 4 <DM4iS©^J^^ 

J&gffl©y~ W: LTl9:ttT*3<o *tz. 4^SB 3 ?»J©^*- ^JiJclS: 

#fc|g»*ic43i*-c\ rt^&Ji 5 <£r5^(c^(*$-ii-rt^^ttS^Sl^riauc^j 
^&&*$i§£fF£shr-So Mas^j©^^-^^-x^SL^^{cu. mats** 

itttl^ck-? tc*fe|£!gT?*7'<-L*:o Ell 5Ati. mi 5B0K-K' »r®£* 
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&iitJ^x ^iaj<btiSii[«« 

15 EI 1 5 COt?-eit 3 -DOmteMtiCt Z®* <D&ffi$,<D&&2&M&te^ 

«cJ:«9, Ell 5AOSTi:lilbti^l\ mm^m: 
tb^tz Q ttz. mi 5CO*?ll7x-XK'7U-*i)SU <fc«SE£*fr* 

jffi/ct/cs**- Ki&f^T*o^o c©*^ iai 5 A&m^-tmm^ mmm 

£tz, »i|7X? 4 LT (BP^ §B8&SM 0©®^/Jn 

$ < LT) > ^SSS^fiKSffitt^faK *>4@* <Z>*SHJ§ 5 ftS 7 ftfeftflt 9 T* 

25 §S 0 

<HWJ1 1 > 
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M v X * J % £4b«r¥3M*<D*£il*'' & ft £S£ 2 &«©«*jjfcg7?JBjife-*- -5 

-eih-ti^^ + i/t^JEdtS^nSfeilJlOfetiiafflEtt l 0 3 ~1 0 4 /cm 2 (D 
mmiz&MZtiZo £©*£ft*i{Mfftti. Rtcllfflfb3tt-C^5¥3M*i/--- 

mt>mtms¥^izH<Diu-vm*m##ft <«*.wr* caAs. inP) a^ft 

Ell BARtfEll 6 B«-#JiaLT*lliBW©^^U-" tf#?*»gj-*- 

So 
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-T£o ^l|7XM0^h7'f^i, -tf-^r-fTSfe 1 <D(ll-20)A®tc¥lrl- 
@#t--S^^t-^fiJt^n^o GaN /<^rl2 2, nMGaN 3 

5 12 3 {2 2*©X h^^BilPSfl 4 0 ICiifcllfifcg U 

*:<D&. n!GaN12 3±ffitc 2&g©&ijill-7X:? 4 1 ^fiJcfSo *fe*i 

i&vx? 4 1 tcu. mm^^t 4cd4j^ (sn*». 2*©x 

SM 2A<M$ntl^o C©a^£S|5 4 2®X h^-fyii. *fe^"VX^4cD 

m££@&il£^4 Oli*fei£J^X? 4 1 (Cj:f9St>nri^o C©&*tJ&^X? 
" 4 1 Idi^— ^PgCDS^S^^CitdJ;^. nMGaN tiMmM 5 , AlGaN 
15 :fc#$£ffl 1;&J6J1 £GaN i^M^&O'GalnN ffi*ggfi^#FJi^ £ t£ £JE*B3I 
^ll?#P«til 6 , p MGaN #*g&JI 7 , p MGa InN 3 > ^ ? h € 8 ^fflgft 

1 l^rH#^-So *fe*iM^x*©x h^'f^lcM^lfiUCfSMLT* 

SMteiWOtiiU **5>T7lcJ;J)#?*$MiLTBI 1 6 A(c^-r^TIS£»r® 
20 (Ell 6BCL-L' Wf®) «riSo IP^k C©^NW** : f«<6IBR"7^^ 4 1 
{cJ£l&£ft*:BBfl§SB4 2©X VU-rfift\z.l/— !f#*!fcfi-*-*#MMii6*: 

*a^*HJfeW 1 JbM 1 0 (DmT-OZtllZ-it^Tl&fil-tZ Z. i^T#/Co IP*». 
ttJi (GaND 2 3 ©*£ii$Cfc*Stt< 1 0 4 ~1 0 s /cm 2 Cl/Wfco 



WO 97/11518 



PCT/JP96/02663 



xm&miti o 3 ~i o 4 /cm 2 (Dw<Mz&m-z&tz 0 

Z.taz£K>Xm$im 6 ©±lcfS:tf £3£3fr£&Ji 6 <DM& 5 mJSU:fc!£5£ LT*iJ 

Cik * rtiffcjfcigteJi 6 ©$S^r 1 - 3 u m©iEffllCf£ 

OU/3 -1/4 K £*: 0 ^©^<;U^fi£S(cJ:J9^L^ 

J:f)t>fi«iLSES»*"ei/— Ifttf^Lx £ffllc*5tt<5Sfefi»gM:4 10-4 3 
15 OnmOigltfcofco 

*^t«0^*Bl 6 C»Ci*3»W-r«o ^©tttllttx ±ias©Hl 6 A 

J: tom l 6 C IZTft-f «fc -5 tcJi 7 8t:'J <yv^7 h7^f ^{cjDXf -So U y v> 

20 y v h^>f ^©WfflicSb&Jl l 2 *JBfiJt-T5o l 2 ci. ^fifcStcfc 

**R-e**4. 4 l©tt*ttBll 6 A©^T«i:|nIC:-e*0> SJ&JI 1 2 tegm% 

1 6 CttH 1 6 BCDL-L' HfS^-To 
25 EI 1 6 C©i?tli> ^7t?S^6SI^[SjiCfc^X. «J y i? X \> ? 4 7miZ(D 

ift*«ttJi6icftA$n**+ yr©«En«. BM£tf4 2 tcan^TSiiJi 1 2 

©iai»Tt>iWlB3ftSrt:-i&. S&TttSti/l 6 ®^H©^ic+^ »; T*J»*«fc < a 



WO 97/11518 



PCT/JP96/02663 



4 1 0 — 4 3 0 nmCDiSffltr&ofco 
<^tej 1 2 > 

^m^MojmMm^m i 7 A&.tfsi 7 Biao^t^o ^ste^n i £i5ij£ 

5 l;:*?*^*!*- niGaN!23 El 1 7 A^-rHfeRffilT 

*^ttSBMt«4 2 ©rami*, t&mm^x? 4 1 ©^km-t^mps (in 

i[5j«©^a-trXICJ:<9> Ell 7 Ai:^t*?«iili (Ell 7 BOM— M' Br 

tix ^&iC*>^Tfgig&g 4 10 — 4 3 0 n m©l6ffl"ei' -1f»f£ Lfco 

20 RtfpfflGalnN r2>?? hJ|8£:U * h^-l'T'ttl-ftlXU C©'J^Xb 
^ -f ^«©M«l»-ai&fl 1 2 *^JSfe"T * C tT'EI 1 7 C lc^f«EWf®«lii^Wi- 

El 1 7 C©S^-eti> pSJGaN ^&9ttJi 7 (Dtp&iziSOtf & 'J-y^h^^y 

25 cntcj:«9> $&{cfiS5fei?u— »f3t**jft-z?**<k-9icttOx Ell 6Ci:*t 
#dP«fcfJ'>tt< i t)^It«t^2/3 ri^l/2 ©fgfflfcffi*-*-* £ ta^Wr&o 
/Co £fifci*5^Tlfelga!yM 1 0 — 4 3 0 nmOiEITU- tff&fEL 

<H«i^J 1 3 > 



WO 97/11518 



PCT/JP96/02663 



*mM<DWLm.nmzm 1 8 A&uqa 1 8 Btccfcoi&w-r&o mmm i i©gn 
6 corns tmmizmttftgi? zak matA&vkvzm^ m\ 8Bi:$t. 

1Rlfc&m<DlbMmvx9 4£lS:tfT&<o i4©J:i:(i, *fe*fJg|^X? 4©BM 
5 £SB ($)PSI5) 4 OSr^* o£&o£.o\zLXimm-?*? 4 1 ffeiftBt 

io mmwi i £±<mmzLxmi sAi^tt^tuffs aai sbcdn-n 1 m 
"^o ctiic<t«9 N mi 6 c^bii 7 c {c^-r^tcik^xiafem^i/2 sjkjc 

15 tX'i&mr^tZo ^fi»C*5^T!6!6aS4 1 0 — 4 3 0 nm©iSffl-C* 

*3Sifcfll<D&JBfll*BI l 8 cicj^i&Bflf & 0 ccoiTFti. Ell 1 com^t 

m i 8 A©5gT-£^Lfck©-e&£o ai-^x -ifei^x? 4 i©xh7>r^ 

20 g| 1 8 COlK'li> pMJaN :ft#&JI 7 ©^JCttSt"* U y h 5 -i ~f 
m&iz&^xm 1 8 A©^T<fc«9 t>«lltt^tt^#L^«ft»«ia*^"C ! 
£fco CftKJ;^ $ ^(ciS^TU-if^^T^^ct^lc^^. SI 8 A 

®^J:*9a>^< £&Httm»E£2/3 ^£1/2 0«Sffllcfi«f SC «t*<BT«l : t?* 
o/; 0 fcfc^lix ffi{:fc^T^IM4 10- 4 3 0 nmOfgffl-eU-ift&fF 
25 LfCo 

<H»J 1 4 > 

tl^(C^-r<5*< x t7r-f7( a-Al 2 0 3 ) g^Oftfr <9 1 icA^H^ 

WurtziteJMT&OSIOWftCOOODC ®©nM^bii^( a-SiC) £-SH>&o 



WO 97/11518 



PCT/JP96/02663 



Je<Z>±fCng!GaN s<? V r Ji£I£tfT. %M®\ \ 1 ftS 1 3 lcE««H ft©* 
iF«l^|5|^|{cLTfPiSlL. 13 1 6A-1 6CftSia i 8A-1 8 Ctc^*^ 

a<nr*rc*tK sfe±®©pffiijms*^^t^^^*LT. g«rF®©n 
flim©©^ £ nm&rn-? ci^t-^ fc c $ £ i-s i c g&©&fc# jgii-u- y r 

T3HR«kf9 t>**^t*WLT*S*), JftlttCltiTl^o dft&lc«fc*K 
10 ft-el&^SU— IfJR^W^o **W> mfi«-*5^TfB«ftS 4 10-43 

is i>-rn©^jte^j(c*>^T fc. *ga«at*w-r 1 ffitt±K#»min&©»** 

ft 2 m&Zm? <fc -5 3 3 

20 $3 «**J&J5M-* rtU6©*&aJ5fcft** *©*Saj£fi©«rt<JBfifc$ ft S1K#*ft 

2^lc|5{t^a^#^t^JISLT|T-?*^©S^SS(-So'< *>©-?£>£<> 

ISaJSfcgfcilW*- 3 ©»»*#mi£ftfcl.\> 

Xttl ^-Tft^©aMR© (0001)*gS®±J-^ t° * 4- •> * yWfcS L /c^ 
*fc<ft¥»ftti£ffl<^ *©(0001)*gaffi±Kft21S«*BricU *t»KJR2IS« 
©±S (Bp-fc. @M *2Jfc7cfl*»c«-5«k J 3tCfifcSL/i»31S« 
©S-fb^SMttSa (GaNi) &£>*-€r©±SBW t c **-> * ;Ufifc«3i*:rt:*ajifc 



WO 97/11518 



PCT/JP96/02663 



©*ttS3ffc4&¥#f«£B (A 1 Ga I nN) K<fc9^ftfK**J&dcLT^5 0 
SfH ^icti&^a^©— ot:&&Zinc Blende $iit£W-r£G a A s . I n P, 
InAs, GaSb, G a P, GaAsP, XliG a I n As^^^SSSi^ 

is sn**¥Wis«©*sa^»*flE«ii o 3 ~i o 4 /cm 2 ©$gffixti^nOT 
20 \z&mx.m<9LK&t. cntasTtMS^ *^»tt»cj:*jti»jR. acf* 



WO 97/11518 



PCT/JP96/02663 



fc<Dtzib<Dfflmnffi£'pt<Z< £ k&3MS^<2>l/2 J&TJcte&U F*9SB*^P£&$£- 

SeSfe*©*^*) t>l/3 —1/4 lc*T?fi«"e*fco ■ 

^IQfeWO^twfctj-S^ficDXfiftStt. 4 10 — 4 3 0 nm©3fcffi 

6 0 0 nmJBlT<D^fe^^^3t*T©^»^tli^So C©3s£ico 

/cm 2 OT«cm«LTj5»-rsicjfFai<i:i6»*<a^?snso *£ot> i^rs*© 

25 *ga*Hft*W*-*MI -V»e^«B^M*Tfi!ElcHffl^b$nTl^^«fr«K* 

a^b«j^#{*:xt±A^ra^©iga«a£*w-r <& 1 1 1 - vsnb^«pMW*©*sa-e 



WO 97/11518 



PCT/JP96/02663 



5 £«, 



WO 97/11518 



PCT/JP96/02663 



m * © is m 

ffl$L£frM,mm&<D!mfcfrh>tez& 2 cdm^w u ±ib^ 1 <Dffi.m<D'pu < 

2. ±ies& 1 ®^©±iem 2 ©ugLhicjjfcg $ nfcSB5K>*£i^ £ 

3. ±ib^ 1 ®^«-«^5>fk^^^^i 1 1 ^Tc^i vm7tmfrt>mi& 
^ 2 c^llic^s stress c: t&ftWLt^-z*m#ttno 

' 5. ±IB^l©^«©J:IB^2 0|I^{Cfi£^$n^^O^^*{c#^i, 
15 *R6f££telO T cm- 2 OT-e*6C«i:^#^i^-Sm*©tgH^4^^IB«© 

Ho 

8. ±IBi(&^(i^^«|it©ifeSS«©±:gB{w^fi!c^n. B.oa££SB£ 
11. ±IB-fb^¥^©^S*(c#ft^-S^PlS^{i 1 0 7 cm" ! Hm 



WO 97/11518 



PCT/JP96/02663 



-s c tzftWLt-fzmxvmmft 1 o EicEfto^NMwmo 

1 2. m&mi&zmi-zm i ^ i ©««±«c^$n^*aH«i 

2 ©««<!:, M 2 ©««±l^fife$nfcS**#«> 

1 3. ±mm 3 ©ffi«tt3t^w««*^*. aBtews*tt±E* 1 ©««© 

14. ±IE3»W«*«^ U-1f*fftS©fc*0*fiS^*#-r*C<i:** 

1 5. ±E3B 3"©<5«W. *®J*fi©HA£*il^i: < <h *> 2 B©^9^B^»Ji 
LTM^tlTl^ C £*£4*m£-r£!*3fc©iBffl*S 1 2 3UcEft©¥#f*&Ko 

16. -ttB«MI*Wr«*l©««<k. tt*l©««±«c^$n^SH* 

15 t v*5c**^«idt$n*{b^^(*©A^a^^©iiga*>&tt*jis 3 ©m 
±E*2o«*tctiaM^«*^<ac$nx »BW!S«i;:T_tE#i© 

1 7. ±e*s 3 ©««ti#s*w«**#3K &jemmmtJjBM 1 ©«*© 

±«5lc^fiJE$nT^*C<!:*«rtt<i:-rS»*©ieiB» 1 6 ^£E«©¥#{*StiIo 
20 18. ±E#5*W«*tt* U-1f*»fi©fe«>©*lB««3ft**r"r*Ct*4* 

19. ixzzi 3 commit mmmnmK&'ptiit t*> 2 
iTM^nti-^ ^ t^ai-r -5»*:©ieBB» 1 6 ^cieig©^^B 0 

2 o. iM&aasi©***^*^-^ tt*s^si±jc^jftj»«ws*»^ 

ffi7?^o^«-o©eaB*^tt**^Ji*«fifeLx ^7fe^^e©±(c^7t 



WO 97/11518 



PCT/JP96/02663 



10 ¥##1/ — |f*^o 

15 2 3. fft3fc®*gffl*S2 2TO«©^«:l/— lf*T-^*>^T. 

20 Tfc*£<h-*4W£-r*¥#H*l'— tffc^o 

2 4. tj|3fc<D«gSSB 2 0TOtt© i MM*l'-- IfSFf-K^Ts ttatiftRttt&tt 

25 IC J: 0 «bft L rt^-tttt^ttiW***"*?* * - ^ *W» ± ^* 



WO 97/11518 



PCT/JP96/02663 



5 2 8. fit*cE>$EfflS& 2 O^ie^cD^^U-if^^fe^T. 

A^^©Wurt2ite«jt-e*)oTS^ffi^ia*<(0001)C BnjtoKli(ll-20)A®£*r 

* set t-rz V - VMT-o 

2 9. m&<D9mtH2 smm<D¥-m&is— rttiz&^-c. ®^&#(oooi) 

( l - ioo)M® iz spff^M-e* £ { ia&5£ ~t Z c «t t £ i/-- »f* 

15 (OOOl)C M^^(i(ll-20)A®^W-rS#*£a-9-7r^T (a-Al 2 0 3 ) £fcli|St 
(a-SiC) tf#^o 



WO 97/11518 PCT/JP96/02663 

1/19 



FIG. 1A 



WO 97/11518 



2/19 



PCT/JP96/02663 



FIG. 2 




[100] 



WO 97/11518 



PCT/JP96/02663 



3/1 9 




FIG. 3E r^C 




WO 97/11518 



4/19 



PCT/JP96/02663 




WO 97/11518 



PCT/JP96/02663 



5/1 9 



FIG. 5A 



(1) 



(2) 



TMG 

(Ga(CH3)3) 



^^^^^^^^ 




Ga ion 
beam 



7" 101 

100 



FIG. 5B 



FIG. 5C 



FIG. 5D 




/-101 

54 



100 



1 



'54 



WO 97/11518 



PCT/JP96/02663 



6/19 



FIG. 6A 




WO 97/11518 



PCT/JP96/02663 



7/19 



FIG. 7A ^ 8 ^io 




WO 97/11518 



PCT/JP96/02663 



8/19 



FIG. 8A 



FIG. 8B 



FIG. 8C 




WO 97/11518 



PCT/JP96/02663 



9/1 9 



FIG. 9A 



FIG. 9B 




FIG. 9C 



UK 



D 




£3 



40 

D' 




OS 

ft 



WO 97/11518 



PCT/JP96/02663 



10/19 



FIG. 10A 



FIG. 10B 




WO 97/11518 



PCT/JP96/02663 



11/19 




WO 97/11518 



12/19 



PCT/JP96/02663 




WO 97/11518 



PCT/JP96/02663 



13/19 



FIG. 13A 



-10 



FIG. 13B 




H 




H" 



FIG. 13C 



HI. 




WO 97/11518 



14/19 



PCT/JP96/02663 



FIG. 14A 



10 



FIG. 14B 




J. 



."•"ji*"*.' 



lift! 

lip 



WO 97/11518 



PCT/JP96/02663 



15/19 



FIG. 15A 




WO 97/11518 



PCT/JP96/02663 



16/19 




WO 97/11518 



PCT/JP96/02663 



17/19 



FIG. 17A 



23 





FIG. 17B 



M 



:-^a\a\& 

Sv^av$>/ 

mmm 

* .*"■ * 



40 



■.*.*•*.*•*.••*.*•*.■** 



*.••".■■■.••".*-.■". 



40 



.♦V,* 

v* *.*•*.*•-.*••.* *, 
r .* *.*.-.*.*.*.•.*.** 
* •. • *. • *. • *. • *. ■ 

■&/■■■■>/■>; 

■ — m?m 



.■•*.*.•."-■.'-.■•■. 
■ - - *. • •. - -. • 

:•>:■>:■>;■>;•.■; 
.*.*.*.*.-•*.■.-*..*• 

'yfy : :''f&yK 

>*.*. ■*. *. •■.*• ■■.'.**.*• •■, 

;..*;•.*;..*;..*;••. 

.\- -\* -\* 
r .". *.•-■."■ -.••■.*.*. 
*.*..*.*.'.*. •■_•.•„** 



11 
4 
1 



FIG. 17C 




WO 97/11518 



PCT/JP96/02663 



18/19 



FIG. 18A 




* r * • • ! ■ 



11 




FIG. 18B 



• .•;« .*;- .< 
»■■•.••.*•■.*-.*• 
,•..*-.■•.-. ••.*•*.*• 
- .*;. .•;* .*.* : 

.*-■»"*-.*•*.*■-.* 



; •*** ••.* *.* 
* -*.- ••.* •*.• 



U.-.i. 1 .*.".!.', 

- * - *-.*■; 

'#1 



4C3 



6M- 



vVvVvVv*. 



-■;■.•:•>;•.■;■ 

s. *.*« *." ■*' 

\- .*.•••.**■.* 
. • •. ■ 
>.'* *>i ."*•*-■ 

L . :■.•;•.*:*>.* 



'. *,*• *.*• 



L •-.•*• v *..•*•.* * 

mm 

■ *. * ■. • . • *. * 



.•..*-..*•-"•.- 



.M" 



FIG. 18C 




WO 97/11518 



19/19 



PCT/JP96/02663 




FIG. 20 




9 Z JB Sc (StM26) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP96/02663 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 6 H01S3/18, H01L21/205, H01L33/00, C30B23/02 

According to In ternational Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

Int. CI 6 H01S3/18, H01L21/205, H01L33/00, C30B23/02 



Documentation searched other than minimum documentation to the extent that such documents arc ioduded in the fields searched 

- Jitsuyo Shinan Koho 1922 - 19 96 

Kokai Jitsuyo Shin an Koho 1971 - 1996 

Electronic data base consulted during the international search (name _of datt base and, w here practicable, search terms used) 



O DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to daim No. 


X,P 


JP, 8-125251, A (Matsushita Electric Industrial 
Co . , Ltd . ) , 

May 17, 1996 (17. 05. 96), 
Fig. 1 (Family: none) 


1-18 


P 


JP, 8-18159, A (Hitachi Ltd.), 
January 19, 1996 (19. 01. 96), 
Figs. 1, 4, 7 to 9 (Family: none) 


1-30 


X,P 


JP, 8-116093, A (Fujitsu Ltd.) , 
May 7, 1996 (07. 05. 96), 
Figs. 1 to 4 (Family: none) 


20-23, 25 
28, 29 


Y 


JP, 3-132016, A (Canon Inc.), 
June 5, 1991 (05. 06. 91), 
Fig. 2 (Family: none) 


1-30 


Y 


JP, 5-41536, A (Kyocera Corp.), 
February 19, 1993 (19. 02. 93), 
Fig. 1 (Family: none) 


20 - 30 



[3T| Further documents are listed in the continuation of Box C. Q See patent fa mi ly annex. 



* Special categories of cited documents: 

"A" document defining the general state of the art which is not considered 

to be of particular relevance 
**E** earlier document but published on or after the international filiaf date 
M L" document which may throw dooms on priority ctaim(t) or which is 

cited to cstabtiih the pufaitcatioa date of another citation or other 

special reason (aa specified) 
"O" document referring to an oral disclosure, use, exhibitioo or other 

"P" document published prior to the international filing date but later than 
the priority date riiimrd 



T later document published after the wteraaoonal filing date or priority 
dale and not in conflict with the application but cited to udefUud 
the principle or theory underlying the invention 



M X"* document of particular relevance; 
nrer***-— * novel or cannot be 001 
step when the document is taken alone 



invention cannot be 
to involve an inventive 



at of particular relevance; the claimed invention 
iijuikhinl to involve an inventive step when the 
combined with one or more other such documents, such 
being obvious to s person tkilled in the an 

"&** document member of the same patent family 



Date of the actual completion of the international search 
December 6, 1996 (06. 12. 96) 


Date of mailing of the international search report 

December 17, 1996 (17. 12. 96) 


Name and mailing address of the ISA/ 

Japanese Patent Office 
Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP96/02663 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



A,P 



JP, 5-7016, A (Toshiba Corp.)* 
January 14, 1993 (14 . 01. 93) , 
Figs. l r 3 (Family: none) 

JP, 4-188678, A (Matsushita Electric Industrial 
Co. , Ltd. ) , 

July 7, 1992 (07. 07. 92) , 
Figs. 1, 2 (Family: none) 

Akasaki et al., Effects of Ain Buffer Layer of 
Crystallogaphic Structure and on Electrical and 
Optical Properties of GaN and Gai-xAlxN 
(0<x£0.4) Films Grown on Sapphire Substrate 
Movpe, Journal of Crystal Grouth, 1989, Vol. 98, 
PP. 209-219, Fig. 14 

JP, 8-153931, A (Nichia Chemical K.K.), 
June 11, 1996 (11. 06. 96), 
Figs. 1, 2 (Family: none) 



25 - 30 



25 - 30 



1-30 



1-30 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



BIRtH»## PCT/JP96/0 266 3 



a. *9j<o*-r*#»<o#s mmn&m upo ) 

Int. CI* H01S3/18, H01L21/205, H01L33/0O 
C 3 0 B 2 3/0 2 



B. WgfrjTofca-g 

W«fTofc*/HR*** (BBHSfHWg (IPC) ) 

Int. CI' H01S3/18. H01L21/20S. H01L33/00, 
C30B23/02 



B*HHffl9r3e4H8 1922-199 6¥ 
B*B4fcWflJB»r3*M*« 1 971-1 996¥ 



BR!MEtM£JlLfcf*J-7*- (x-:5"<— IMcUUfcJB LfcfflR) 



5lffl:Jt!IW> 






X.P 


JP8-125251A «BTf»Sa*«^tt) 17. 5J3 . 1996(17. 05. 96) 
HI. (7r5 9-4U 


1-18 


p 


JP8-18159A tt*5£#tfcB2:»ffl3f) 19. U!. 1996(19.05. 96) 
BB1.4.7-9 (7 7 5 


1-30 


X.P 


JP8-116093A (S±««55t#tt) 7.5^.1996(07.05.96) 
Hl-4 (7r5 !>-<tU 


20-23.25 
28,29 


Y 


JP3-132016A (*-f / VflSfc^lt) 5. 6£ . 1991 (05. 06. 91) 

mm (7r?y-4u 


1-30 



TEj 9cftXK'?ltbZ>i>K B8KtH«BSt«lw4i«3nfct> 
I** Cffifcfctti-) 



rxj ttf£K*a*SXft-CfcoT. ^R3C«©*-C36W 



BS«ME*55TLfcB 

0 6. 12. 9 6 


B£llS:tte«>4&&H 

17.12.96 


BBKWaE*H<D*f*fttf*>T5fe 

B^BWff/f (ISA/JP) 
SfflStlOO 


jg it m ? 

*tS#-g- 03-3581-1 1 01 P 


2K 


7 6 3 0 


lift 3 2 5 5 



fl&tPCT/I SA/2 1 0 (82-i-^) (1 992¥7^) 



ESStiJH#-§- PCT/JP96/0 266 3 



C m$) 



A.P 



JP5-41536A Ofc-fc7«c5££tt) 19.2^.1993(19.02.93) 
Ell (7r 5 !>— *D 

JP5-7016A («wt#ttJC2) 14. 1J§. 1993(14.01.93) 
H1.3 (7r?y-ftU 

JP4-188678A 0fcT««S3!M*3S;£*i:) 7. 7£ . 1992 (07. 07. 92) 
H1.2 (7T5J-4L) 

AKASAKI BT. AL, EFFECTS OF AIN BUFFER LAYER ON CRYSTALLOGAPHIC STRUCTURE AND 
ON ELECTRICAL AND OPTICAL PROPERTIES OF GaN AND Gai-iAlxN (0<x£0. 4) FIUIS 
GROWN ON SAPPHIRE SUBSTRATE MOVPE. Journal of Crystal Grouth, 1989, Vol. 98. 
PP. 209-219. FIG. 14 

JP8-153931A ( 0 S<t^X««^th) 11. 6£ . 1996(11. 06. 96) 
HI, 2(7 r 5 P-ftL) 



20-30 



25-30 



25-30 



1-30 



1-30 



«5£PCT/I SA/2 1 0 (JR2'<— ^Oftft) (1 992¥7fl) 



